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Abstract 
This paper presents a new wafer-scale micromachining technology of vertically Si/metal laminated cantilever (3D 
micro cantilever). The 3D cantilever consists of vertically laminated structure so that it works in the in-the-plane 
mode, which is totally different from those traditional cantilevers of planar laminated configuration. The vertically 
laminated configuration has the advantage of easy-to-package, non-stiction and compact but it is involved of surface 
micromachining technology of high topography surface. High resolution patterning technology of thick electroless-
plated nickel alloy film was for the first time established on the high topography surface. The minimum feature size 
of 10 Pm was successfully realized in the 1.5 Pm-thick nickel film with the undercut ratio of about 1. Prototype of the 
3D cantilever was successfully fabricated by the new wafer-scale micromachining technology. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Micro multilayer cantilever is among the most commonly used structures for MEMS sensor and 
actuators. It is usually of a planar configuration so that it works in the out-of-plane direction. It is well 
known that the planar configuration has the disadvantages of initial deflection and thus package difficulty. 
Therefore, there has been being attracted much interest in the micro cantilever with the vertically 
laminated structure (3D micro cantilever) [1-2]. Up to now, only silicon-based materials are used for the 
3D micro cantilever and thus the applications are limited. For more applications particularly in medical 
and bio technology, it is necessary to develop 3D Si/metal micro cantilevers. The 3D micro cantilevers are 
involved of the conformal deposition and micromachining process of thin films on a topography surface. 
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
678  Y. Zhang et al. / Procedia Engineering 25 (2011) 677 – 680
Fig. 1 Schematic of 3D Si/metal cantilever. The metal 
film is about ~ 2 Pm thick. 
Fig. 2 Illustration of the fabrication sequence of 3D 
Si/Metal cantilever. Key processes include the conformal 
deposition of thin film (step 3) and patterning (step 4), 
Among those conformal deposition technologies of metal films, electroless technology is very interesting 
because of low cost, easy-to-control and simple facility. In particularly, electroless nickel alloy films are 
attractive owing to their superior mechanical properties to other electroless metals including copper and 
gold. The latter two are subjected to limited mechanical properties, poor corrosion resistance, rough 
surface, high porosity and other defects. However, it is difficult to directly pattern the electroless nickel 
alloy films by wet etchants, which is required for a topography surface, because of the nickel-based oxide 
with the presence of P and other alloy elements. Only so-called “nickel strippers” is commercially 
available but they are not compatible to the current microfabrication technology. Therefore, this work 
would develop (1) new wafer-scale MEMS technology of the 3D cantilever for massive production and 
(2) the surface micromachining technology of the electroless-plated nickel film on the high topography 
substrate as well. 
2. Experimental 
2.1. Structure of 3D Si/Metal cantilever 
Figure 1 shows schematic of prototype 3D 
Si/metal cantilever to be prepared in this work. The 
3D cantilever was 3 ~ 5 Pm wide, ~ 300 Pm long 
and 35 ~ 50 Pm high. There were isolation gaps to 
isolate the 3D cantilever from the surrounding 
components. Good electric wiring should be formed 
between the pattern of the top surface and the 
cantilever; otherwise, the 3D Si/metal cantilever 
could not work properly. 
2.2. Wafer-scale fabrication of the 3D Si/metal 
cantilever 
Figure 2 shows fabrication sequence of the 3D 
Si/metal cantilever. Gold and Ni-P alloy films were 
utilized as the metal layer. The Au film and nickel 
film were prepared by using the sputtering and 
electroless plating method, respectively. The Au 
film of the cantilever was about 400 nm thick. The 
nickel-P film was about 1.5 Pm thick. In order to 
improve the adhesive force between Ni-P film and 
silicon substrate, a sputtered Cr/Cu film was 
sputtered as a seed layer. SOI wafer was used. The 
device layer was high resistant and with the thickness of 35 and 50 Pm. The former was used for the 3D 
Si/Au cantilever for better deposition of Au film because sputtering is not a conformal process. After dry 
etching of device layer, thin metal films were deposited. Then the wafers were coated with resist layer by 
using spray coating method. After the photolithography process by using a stepper system, the metal films 
were patterned by using wet etchants. The wet etching of Au/Cr film was performed by using commercial 
etchants while that of Ni-P alloy film was performed by using newly developed process, which would be 
introduced later. The prepared wafers were dry and wet etched again in sequence for the formation of 
isolation gap. Finally, the 3D cantilevers were released. 
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Fig. 3 Electroless plating of 1.5 Pm-thick 
Ni film on Si and annealed. Seed layer is 
Cr/Cu film. (b) Spin coating of 3 Pm-
thick Shipley S1830 resist. (c) Rinsing 
with the TR-4 etchant. (d) Wet etching 
by the TR-6 etchant. (e) Remove the 
resist and seed layer. 
                                                (a)                                                 (b)                                           (c) 
Fig. 4 Optical photography of resist patterns modified surface of Ni alloy film and formed patterns (from left to right). 
2.3. Surface micromachining of electroless Ni-P alloy film 
The microfabrication of the 3D Si/metal cantilevers would be 
involved of the micropatterning of metal films on the high 
topography structure. Because of the shielding effect often occurred 
during the dry etching process, wet etching is more suitable. As we 
have mentioned, the electroless Ni-P alloy films are extremely 
difficult to be directly patterned by chemicals because of the 
presence of nickel-based oxide layer. Only strong acids-based 
etchants or “strippers” are available. Those strippers, however, 
would remove resist layer, too. Therefore, we have suggested a 
“two-step” etching process for the micromachining of electroless 
Ni-P alloy film. Figure 3 shows schematic of the etching process on 
common silicon wafer. TR-4 and TR-6 etchants were developed. 
The Ni alloy films would be modified by using TR-4 solution and 
thus removed by using TR-6 etchant. 
3. Results and Discussion 
3.1. Surface micromachining of electroless Ni-P alloy film 
Figure 4 show representative optical photograph of 
micromachining process of the electroless Ni alloy film. The 
minimum feature size of resist pattern is 10 Pm. Figure 4 (b) is the 
morphology of the Ni-8%P alloy film after the pre-treatment by 
using the TR-4 solution. The resist patterns have removed by 
rinsing in acetone and purified water. The surface of the Ni-8%P alloy film exposed to the TR-4 solution 
became dark while the other surface was still silver white. Figure 4 (c) is the micro pattern of the Ni-8%P 
alloy film after the immersing of the TR-6 etchant. Figure 5 are images of the resist and Ni-8%P alloy 
pattern at larger magnifications for direct comparisons. It shows that line width of the Ni pattern is 
slightly narrower than that of resist patterns because of undercut etching. The latter was 10 Pm while the 
former was about 7 Pm, suggesting that the undercut ratio was close to 1. Figure 6 shows SEM images of 
Ni-8%P alloy patterns on the high topography surface. There is also SEM image of Au pattern for 
comparisons. It could be found that high quality pattern of Ni film was achieved. It would be emphasized 
that the cavity depth was 50 Pm while that of Au sample was only 35 Pm. Considering that the 
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Fig. 5 Optical photography of resist 
pattern and formed patterns (from 
up to down). 
Fig. 7 SEM image of the prepared 
3D Si/Au cantilevers. 
Fig. 6 SEM images of 3D surface 
micromachining of Ni alloy and Au 
film on the topography substrate.  
micromachining technology of Au film is rather matured, we thought that the newly-developed process 
was succeeded. 
3.2. 3D Si/Au cantilever 
Figure 7 are the SEM images of the prepared 3D Si/Au cantilevers, respectively. It consisted of ten 5 
Pm-thick Si/0.4 Pm-thick Au cantilever in five pairs. Good leading connections were formed across the 
cavity edge. The isolation gaps were well formed, too.  
4. Conclusions 
Wafer-scale MEMS technology of 3D multilayer cantilevers were successfully developed by a 
combination of new micromachining process of electroless nickel alloy film on the high topography 
surface and conventional microfabrication technology. The minimum feature size was reduced to be 
about 10 Pm with the undercut ratio close to 1 for the 1.5 Pm-thick electroless Ni alloy film. The 
prototype of 3D multilayer cantilever was also successfully prepared.  
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